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TABLE 2

Crystal lengths, wave modes and corresponding combinations
of elastic moduli for MgF, samples

Mode *

Length Mode Modulus
(cm)
Crystals 1 and 2
1.0797 1 [001]L ¢33
2 [001]T any caq
Crystal 3
0.9639 3 [100]L cy1
4 [100]T[010]  cge
5 [100]T[001] caq
Crystal 4
1.0797 6 [110]L ep = 3y
w *e17,+ %66
i [110]T[110] e =3(c1q
! —C12)
8 [110]T[001]  caq
Crystal 5
0.9639 9 45°L %% CQL=
%(A + B) *%x
10 45°T45° %" cQr=
L Gl i sk
11 45°T[010] ** o
%(6'44"' 066)

* Wave normal direction, type (longitudinal, L, or transverse,
T) and polarization.
** Wave normal 45° to [100] and [001].

*¥¥¥ A =cyy+te33+2e44,B=[(c1) — 033)2 +4(cy3 +¢‘44)2]1/2-

Modes 9 and 10 are not purely longitudinal and transverse,
respectively.

3. Experimental methods

Ultrasonic measurements were made using an
interferometer system, described in detail by R.J.
O’Connell et al. (in preparation) and basically similar
to that described by Spetzler [15]. Two high-frequency
phase coherent ultrasonic pulses are generated in the
sample via quartz transducers, the second pulse super-
imposed on the echo of the first. Variation of the
ultrasonic frequency produces alternate construc-
tive and destructive interference, which is monitored
via the amplitude of a selected echo combination. The
phase of the interference cycle is directly related to
the phase difference between the pulses, and hence
to the sound velocity, and is determined as a function

of frequency via a series of Fourier transform algo-
rithms. An on-line mini-computer controls the data
acquisition and performs the initial data processing.
Pressure derivatives were here calculated from a deter-
mination of the variation of phase with pressure at a
fixed frequency. Used in this way, the method is
therefore equivalent to the widely used pulse super-
position method described by McSkimin and
Andreatch [16].

Pressures up to 7 kbars were generated with a
Bridgman piston-cylinder apparatus with a kerosene
pressure medium. Pressure was determined to within
1% with a Heise gauge.

Measurements of zero-pressure velocities were
made with a steel buffer rod between the transducer
and sample. The buffer rod and sample were bonded
with phenyl salicylate, which melts at 44°C, and hence
can easily be made to form a thin bond. 20 MHz trans-
ducers were used, and phase was measured between
about 10 and 30 MHz. The phase difference between
successive echoes is:

_AnfL
v

¢ + o M

where f'is the ultrasonic frequency, L is the sample
length, v is the wave velocity and ¢, is the phase shift
due to reflections at the ends of the sample. A con-
stant phase shift of m occurs at the free end. The buffer-
sample bond causes a phase shift at the buffer end of
the sample which depends on frequency. This type of
phase shift has been investigated theoretically and
experimentally by McSkimin [17,18] and Davies and
O’Connell [19]. The results of Davies and O’Connell
indicate that d¢,/df is likely to be less than about 0.1%
of d¢/df. The effects of the bond phase shift can thus
be ignored to this accuracy. In terms of the frequency
step Af = 2m/(dp/df) between successive constructive
interferences, the velocity is, from equation (1):

: 4nL
d¢/df

1 =2LAf )

Af is the reciprocal of the round-trip travel time of
the wave through the sample.

Measurements under pressure were made with
transducer bonded directly onto the sample with Dow
Chemical resin 276-V9. Both the transducer and the
bond cause a phase shift upon reflection from that face
of the sample. The bond phase shift is very small at the




